Objective To determine how growth during infancy and childhood modifies the increased risk of coronary heart disease associated with small body size at birth. Design Longitudinal study. Setting Helsinki, Finland.
Introduction
Low birth weight is associated with increased rates of coronary heart disease in later life. [1] [2] [3] [4] [5] [6] [7] [8] This is thought to be a consequence of persisting physiological and metabolic changes that accompany slow growth in utero. 9 Among men in Hertfordshire, where both birth weight and weight at age 1 year were recorded routinely, low weight at 1 year added to the increased risk of coronary heart disease associated with low birth weight.
1 This association between low weight gain in infancy and later coronary heart disease has not been explored in other studies. We report here on associations between early growth and coronary heart disease in a cohort of 4630 men born in Helsinki during 1934-44, for whom serial measurements of height and weight from birth to age 12 years were recorded in obstetric, child welfare, and school health records.
Methods
We studied a sample of men who were born at Helsinki University Central Hospital during 1934-44 and who attended child welfare clinics in the city of Helsinki and were still resident in Finland in 1971. Details of the birth records kept at the hospital have been described. 10 Attendance at child welfare clinics in Helsinki was voluntary. Clinic records include serial measurements of height and weight.
We identified 5502 men who had birth and child welfare records. Of these, 4630 (84%) were alive and living in Finland in 1971, when a unique identification number was allocated to each member of the Finnish population; 3544 of these men went to school in Helsinki and had school health records. Details of school health records have been described. 5 They include measurements of height and weight recorded at periodic medical examinations from age 6 years onwards.
Using the personal identification number, we identified all hospital admissions and deaths among the men during 1971-97. All hospital admissions in Finland are recorded in the national hospital discharge register. All deaths are recorded in the national mortality register. Causes of hospital admissions or deaths were recorded according to ICD-8 (international classification of diseases, eighth revision) until 1986; thereafter ICD-9 was used until 1995 and ICD-10 until 1997. The first three digits from the cause of admission or death were used to identify the occurrence of coronary heart disease (ICD-8 and ICD-9 codes 410-414, ICD-10 code I21-I25).
We obtained ethical approval for the study from the ethical committee of the National Public Health Institute, Helsinki.
Statistical analyses
We examined trends in hazard ratios with neonatal and childhood measurements using Cox's proportional hazards model. 11 As in previous analyses, 5 we converted each measurement of height, weight, and body mass index (weight(kg)/(height(m) 2 )) for each boy to a Z score at each birthday. Z scores represent the difference from the mean value for the whole cohort, expressed in standard deviations. 12 We did not assign a Z score at a particular age if the boy had not been measured within two years of that age. Table 1 shows the neonatal and infant characteristics of the 4630 men. Each man had on average 9.3 (SD 6.6) measurements of height and weight between birth and age 1 year, 2.9 (3.8) measurements from age 1 year to 6 years and 5.8 (3.9) measurements from age 6 to 12 years. After that age school medical examinations were less frequent. In all, 288 of the men had been admitted to hospital with coronary heart disease, of whom 42 died of the disease. A further 69 had died without admission to hospital. We therefore analysed data on 357 men with coronary heart disease. The annual death rate from the disease at ages 45 to 54 years was 1.6 per 1000. Table 2 shows hazard ratios for coronary heart disease according to size at birth. The hazard ratios fell with increasing birth weight and ponderal index (birth weight(kg)/(length(m)
Results

Size at birth
3 )). These trends were found in babies born at term or prematurely and therefore reflected low rates of intrauterine growth. Hazard ratios also fell with increasing head circumference (P = 0.002, adjusted for gestation), but there were no trends with length at birth or placental weight. Table 3 shows that hazard ratios for coronary heart disease fell progressively with increasing weight, height, and body mass index at age 1 year. Small body size at this age predicted coronary heart disease independently of size at birth. In a simultaneous analysis the hazard ratios for coronary heart disease associated with a one standard deviation increase were 0.94 (95% confidence interval 0.83 to 1.06) for birth weight and 0.84 (0.75 to 0.94) for weight at 1 year. The corresponding figures for ponderal index at birth and body mass index at 1 year were 0.86 (0.77 to 0.97) and 0.87 (0.78 to 0.96). Figure 1 shows the childhood growth, expressed as mean Z scores, of the men who developed coronary heart disease. The Z score for the cohort is set at zero, and a boy maintaining a steady position as large or small in relation to other boys would follow a horizontal path on the figure. Boys who later developed coronary heart disease, however, having been small at birth and during infancy, had accelerated gain in weight and body mass index thereafter. In contrast, their heights remained below average, this difference being significant at each age from 1 to 5 years. We calculated the hazard ratios for coronary heart disease associated with gain in body mass index between the ages of 1 and 12 years. A one unit increase in standard deviation score was associated with a hazard ratio of 1.20 (1.08 to 1.33; P = 0.0005).
Size at age 1 year
Childhood growth
In our earlier analyses of an older cohort of men born in Helsinki, whose childhood growth was recorded only from age 7 years onwards, we found that the effects of childhood body mass index on later coronary heart disease depended on ponderal index at birth. 5 In the current analysis we therefore examined the simultaneous effects of ponderal index at birth and body mass index at each age. We found significant interactions between the two variables from age 2 years onwards. Figure 2 illustrates this. Boys who had a low ponderal index at birth increased their risk of coronary heart disease if they attained even average body mass index in childhood. In contrast, among boys with a high ponderal index there was no increased risk associated with increase in body mass index. Figure 2 describes body mass index at age 11 years, for consistency with studies of the older cohort, but data for other ages are similar. These are shown in table 4, in which the cohort is divided according to ponderal index at birth, using an index of 26 as the division. This division gives similar numbers of cases of coronary heart disease in the two groups. Table 4 shows the hazard ratios for coronary heart disease associated with a standard deviation increase in body mass index at each age from 1 to 12 years. In the low ponderal index group an increase in body mass index at each age from 3 years onwards was associated with increased risk of disease, whereas in the high ponderal index group an increase in body mass index at any age was associated with reduced risk. Table 5 illustrates these contrasting effects of body mass index at the middle of the age range. At this and all other ages the boys who could not be assigned Z scores were similar to the others in their body size at birth and in their later incidence of coronary heart disease.
Discussion
We have examined the infant and childhood growth of 357 men who were either admitted to hospital with coronary heart disease or who died of the disease. The men belonged to a cohort of 4630 men whose growth was measured serially from birth to age 12 years, there being on average 18 measurements of height and weight for each man. This is the first time that the early growth of boys who later developed coronary heart disease has been documented by serial measurements. We found two paths of growth associated with coronary heart disease. In one, thinness at birth was followed by rapid weight gain in childhood. In the other, failure of infant growth was followed by persisting thinness during childhood. Both were associated with short stature in childhood.
Limitations of study
Our study was restricted to men who were born in Helsinki University Hospital, where about 60% of all 
Fig 2
Hazard ratios for coronary heart disease according to ponderal index at birth and body mass index at age 11 years. Arrows indicate average values; lines join points with the same hazard ratios Table 5 Hazard ratios (95% confidence interval) for coronary heart disease according to ponderal index at birth and body mass index at age 6 years births in the city occurred. This would introduce a bias only if the association between early growth and coronary heart disease differed between those born in the hospital and those born outside it. Our study was further restricted to men who had attended child welfare clinics, which were voluntary. The men may therefore be unrepresentative of all men living in Helsinki. In particular, attendance at child welfare clinics could have been related to socioeconomic circumstances. Poorer families may have made more use of the clinics because their children were less healthy, or better educated mothers may have been more willing to take advice on child rearing. We know that most of the children who attended the clinics did so regularly as each child had an average of 12 recorded measurements of height and weight. Similarly to the older cohort, however, we also have data on the occupations of the fathers of the men, at the time of the birth; 66% of the fathers were labourers. We know that at this time in Helsinki around 60% of men were labourers, 11 and the social class distribution of our sample may therefore be similar to that of the city as a whole. Of the boys we identified through birth and clinic records, 84% were still alive and resident in Finland in 1971.
Consistency with other studies
Associations between low birth weight, low ponderal index, and later coronary heart disease (table 2) have been shown in other studies.
1-8 The association with slow growth during infancy is consistent with findings among men in Hertfordshire, where low weight at age 1 year similarly added to the increased risk of coronary heart disease associated with low birth weight.
1 13 The size of the simultaneous effects of birth weight and weight at age 1 in the Hertfordshire study was similar to the size of those in Helsinki. We have replicated the association between coronary heart disease and rapid growth in weight and body mass index after age 6 years, an association first shown in the older Helsinki cohort. 5 We have now shown that the adverse effect of this association is evident by age 3 years and is confined to boys who were thin at birth (ponderal index < 26). The association we found between low rates of height growth in early childhood (fig 1) and later coronary heart disease is consistent with the known association between the disease and short adult stature in men and short leg length measured in childhood. [14] [15] [16] Mechanics Several possible mechanisms exist by which reduced fetal and infant growth and accelerated weight gain in childhood may lead to coronary heart disease. Babies who are thin at birth lack muscle, a deficiency which will persist, as the critical period for muscle growth is around 30 weeks in utero and there is little cell replication after birth. 17 If they develop a high body mass index in childhood they may have a disproportionately high fat mass. This may be associated with the development of insulin resistance, as children and adults who had low birth weight but are currently heavy are insulin resistant. 18 19 Among men with a ponderal index at birth of > 26, low body mass index in infancy and childhood was associated with increased risk of coronary heart disease. Findings in Hertfordshire suggest that the process underlying this may be disturbance of lipid metabolism and blood coagulation. Among men in Hertfordshire, low weight at age 1 year was associated with raised serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B, and also with raised plasma fibrinogen concentrations. 20 21 Circulating low density lipoprotein cholesterol and fibrinogen concentrations are regulated by the liver, and one possibility is that the high concentrations associated with low infant weight gain are persisting responses to impaired liver development during a critical phase in fetal life and infancy. 21 During its development the liver remains "plastic" until about age 5 years, and its function may therefore be permanently changed by influences which affect its early growth. [22] [23] [24] Support for an important role for liver development in the early pathogenesis of coronary heart disease comes from findings among people born at the Jessop Hospital, Sheffield.
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Conclusion
The interaction between ponderal index at birth and childhood body mass index shows that the pathogenesis of coronary heart disease cannot be understood within a "cumulative" model in which risks associated with adverse influences at different stages of life add to each other. 28 Rather, the consequences of some influences, including a high body mass in childhood, depend on events at early critical stages of development. This embodies the concept of developmental "switches" triggered by the environment. 29 We have found that gain in weight and body mass index during infancy are associated with reduced risk of coronary heart disease (table 3) . This reduction occurs irrespective of body size at birth (table 4) . This is important because promoting weight gain in infancy is standard practice. The associations between fetal and infant growth and later coronary heart disease in this study are strong and graded. Boys who at birth had a ponderal index > 26 and who at age 1 year were above the cohort average for height (76.2 cm) and body mass index (17.7) had half the risk of coronary heart disease occurring before age 65 years.
What is already known on this topic
Coronary heart disease is associated with low birth weight One study has shown that irrespective of size at birth, low weight gain in infancy is also associated with increased risk of the disease among men Rapid weight gain after age 6 years is associated with further increase in risk
What this study adds
The association with low weight gain in infancy is confirmed
The adverse effects of rapid childhood weight gain on risk of coronary heart disease are already apparent at age 3 years and occur only in boys who were thin at birth These are not unrealistic growth targets for public health interventions. There are obvious reservations about quantifying possible benefit in European populations today from observations made in Finland 40 to 50 years ago. Nevertheless these estimates of risk reduction may be compared with the much smaller estimates of the effects of improvements in adult lifestyle. 30 Our findings add to the evidence that protection of fetal and infant growth is a key area in strategies for the primary prevention of coronary heart disease. Further benefit will come from preventing rapid weight gain after infancy in boys who were thin at birth. In these boys the adverse effects of rapid weight gain on later coronary heart disease are already apparent at age 3 years.
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One hundred years ago
Perspective in medical education
Dr. Andrewes said: My first and most pleasant duty is to bid a hearty welcome to the newcomers to this school, and I trust that you will gain here not only adequate training in the profession you have chosen which this school is now more than ever fitted to give you, but also a number of firm friendships and pleasant memories which will remain for your whole lives. I have next to say something to you-not new, indeed, but I hope true-about the methods of medical education, and especially about the value of a rational perspective in your studies. The enthusiasm for work, which I have found even keener amongst women students than amongst men, entails the risk that you may spend time over things that matter little, leaving insufficient space for more vital matters. It should be the main function of your teachers to direct your energies into the most important channels. No one can in five, or even in fifty, years learn all that one could wish about disease and its prevention and treatment. You have to go on learning all your lives, and, a healthy sense of ignorance is a saving grace. But there are three things which you must learn in your five years of medical study. You have to learn how to learn. Then you have to learn as much as you can of those things which are of immediate and cardinal importance, and which will serve as the groundwork for future learning after you commence practice. Lastly, you have to learn how to set forth what you have learned in such a manner as to persuade a Board of Examiners that you are fit and proper persons to be let loose on the public as qualified medical practitioners. (BMJ 1901; ii:990) 
